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SUMMARY

A development program was conducted to explore means of improving
the performance characteristics of 20mm high explosive incendiary (HEI)
projectiles. The goal was to improve its hit probabilities by reducing
its time of flight and further enhance its effectiveness by increasing
its kill capabflity after a hit has been scored. The findings of this
program show this goal can be accomplished with a thin-wall projectile
design having a significantly reduced weight and improved aerodynamic
properties, yet concurrently providing added space for high explosive
and incendiary materials which enhance its lethality. Furthermore, it
is fully compatible with existing cartridge case and M-61 gun systems.

This improved design was accomplished by reducing the thickness of
the projectile wall to the least practical value, thereby replacing
space occupied by high density steel with low density high explosive.
This provided a significant increase in the charge-to-metal ratio, an
important parameter in terminal effectiveness. This configuration
change in the projectile was achieved through the choice of material,
heat treating the material, and the use of finite element analytical
techniques to provide a minimum weight design. The use of a bonded

plastic rotating band having a small intrusion into the projectile wall

R L

was also very instrumental in reducing the wall thickness.

The experience acquired in developing the projectile is reviewed
l in this report. Approximately 400 units were expended in tests designed
to acquire information on various aspects of the projectile design. This

: test experience is reviewed along with the analytical work and other

] . considerations pertinent to the projectile design. An appreciable effort
was devoted to the investigation of materials and the method of bonding
. the plastic rotating band to the projectile. A review of this work is
r included.
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This program was conducted by the AAI Corporation, Industry lane,

Cockeysville, Maryland 21030, under Contract F08635-74-C-0116 with the

Air Force Armament lLaboratory, Armament Development and Test Center,

Eglin Air Force Base, Florida. Captain Earl Connor (DLDG) managed the
program for the Armament Laboratory. The program was conducted during

the period from April 1974 to April 1975.

This technical report has been reviewed and is approved for
publication.
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SECITON T

INTRODUCTION

The Air Force is sponsoring a program to update the design of the
20mm projectile to increase its effectiveness in the air-to-air and air-
to-ground combat situations. The program embraces development work on
both the fuze and the projectile body. This program was performed to
investigate means of improving the projectile. Development work on the
fuze was performed under a separate program.

Air-to-air combat effectiveness can be improved by two factors:

(1) short time-of-flight for combat ranges and (2) greater

warhead lethality. Short time-of-flight improves the probability of
hitting the target, particularly in combat between modern high perform-
ance aircraft. Two ways of reducing time-of-flight are (1) increase the
muzzle velocity and (2) reduce the aerodynamic drag of the projectile.

Working with the current M103 cartridge case and the M-61 gun
systems are logical constraints which leaves two means open to increase
muzzle velocity: One is to alter the propellant, and the other is to
reduce the weight of the projectile. Both of these approaches were
employed ,but the major effort was devoted to reducing the weight of the
projectile. This was accomplished by thinning the walls of the prujectile,
thus switching space occupied by high density steel to space occupied
by low density explosive. Thinning the walls of the projectile was
accomplished through the choice of material, heat treating the material,
and configuration changes. Configuration changes were accomplished by
sizing the walls of the projectiles to work at stress levels commensurate
with the stress allowables that heat treating provided. A finite element

analysis technique was instrumental in achieving a design that provides

uniform stress levels throughout the projectile. The use of a plastic

rotating band that limited intrusion of the band into the wall of the

projectile was also quite instrumental in achieving a practical thin=-

wall projectile design.
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The weight veduction achieved by thinning the walls and the use of

a plastic rotating band to reduce the start force resulted in a marked
reduction in the peak chamber pressure. The chamber pressure was
raised back to the level permitted by the gun by blending propellants
to provide more rapid burning. This resulted in a substantial increase
in the muzzle velocity. Since the muzzle velocity and cross-sectional
density of the projectile are fixed, the only way to further decrease
time-of -flight is by decresasing the drag. Some of the projectile con-
figurations employ an improved low drag aerodynamic shape.

Greater warhead lethality improves nrojectile effectiveness and can
be accomplished by improvements in a number of arcas. Parameters to be
cons {dered are:

(1) Increased charge-to-metal ratio.

(2) 1ncreased HE capacity,

@3) ImpraQed incendiary effects.

(4) cChoice of explosive,

(5) Controlled fragmentation.

(6) Use of a delay fuze to inhibit functioning past the point of
fnitial contact with the skin of the aircraft.

The delayed action fuze was the subject of = separate program and

no effort was expended here except to interface properly with the modi-
fied fuze configuration. Also, no effort was expended in developing or
locating an alternate explosive. The explosive employed in the M-56
current design was used. No attempt was made to control fragment size
by any of the devices available for this purpose. However, other
factors such as the charge-to-metal ratio and the configuration changes
have some effect on this parameter. The charge-to-metal ratio was

increased appreciably by thinning the projectile walls, and the amount of

HE cowpacted into the projectile was increased significantly. Also,
special provisions were made to improve the incendiary property of the

projectile by inclusion of zirconium metal in the HE cavity.
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SECTTON IIT

INVESTIGATIONS ’

l. CONFIGURATION STUDIES

The program was planned to investigate four basic projectile con-
figurations. They encompassed minimum weight and maximum HE capacity
projectile designs for each of two fuze configurations. The two fuze
configurations were the standard M505A3 fuze and a version of this fuze
that was modified to improve the aerodynamic shape and provide delayed
action that will explode the projectile inside aircraft structure. In
the minimum weight design the emphasis is on time-of-flight; the
maxinum HE capacity approach emphasizes its lethality.

Actually, all four projectile designs are minimum weight designs
insofar as the projectile body itself is concerned. The objective was
to minimize the metal and maximize the HE cavity in each projectile.
The constraints were compatibility with their respective fuze, the M103
cartridge case, and the M-61 gun systems.

Compatibility with the M505A3 fuze was accomplished by making the
threaded connection that receives the fuze idemtical to the current M-56
design. The external shape forward of the rotating band also matched
the M-56 design. The modified fuze has a longer body and an altered
shapey but the threaded comnection is identical to the M505A3 require-
ment, The projectile bodies designed to receive this fuze were con-
{igured to be compatible with their modified shape. This new shape has
favorable drag properties and is instrumental in reducing the time-of-
flight to the target. The external configuration of these two pro-
jectiles forward of the rotating band is identical.

Compatibility with the M-61 gun systems was established through
consul tatfon with General Electric, the contractor for the gun systems.
The distance from the crimp groove to the tip of the fuze matches that
of the M=56 projectile. The configuratfon of the rotating band, however,

was altered to obtain as mich length as possible. It was determined that

Sl ool o o S




the band could extend forward ,300 inch from the mouth of the M-103
cartridge case and remain compatible with the M-6l gun and the F-41i, F-15,
and F-1lo ammunition feed and storage systems, This constraint influenced
considerably the configuration of the rotating band adopted for these thin-
wailed projectiies.

Compatibility with the M103 cartridge case was accomplished by making
the external diameter of the projectiies aft of the rotating band identical
to the M-56 design. The M-56 configuration for the crimp groove was also
employed on all designs,

Initial minimum weight designs for each projectile body were achieved
by structural analysis using a finite element analytical technique, The
object was to configure the walls of the projectile to achieve a uniform

fevel of stress throughout the body under the various ioads applied to the

projectile., The choice of material and heat treat contributed significantly
to this design process. The configuration of the rotating band aiso
influenced the designybut intrusion of the band into the wall was estabiished
at a value {ess than that of the crimp groove so the cffect of the rotating
band on the wall thickness was fairly minor. The two maximum HE capacity
designs extended the length of the body aft of the crimp groove as much as
possible consistent with a computed stability factor 2 1.20. Initial basic
designs established by this process proved to be practical in extensive
testing and remained essentially unchanged throughout the program.

The configuration of the minimum weight design for the modified fuze
is iffustrated in Figure 1. This projectile is shown in Figure 2. The

zirconium sleeve shown in the illustration was added to improve the
incendiary properties of the projectile. It had no effect on the basic

configuration. Simifar illustrations are included for the other three

basic designs. The maximum HE capacity projectile with a modified fuze
is shown in Figures 3 and 4, the minimum weight design with a M505A3 fuze
is shown in Figures 5 and 6, and the maximum HE capacity projectile with a
MS0SA3 fuze is shown in Figures 7 and 8.

The fltustrations show two configurations for the aft end of the
projectile. If the projectile body is manufactured by machining, the

design utilizing a closure disc is employed. If a cup-and-draw method

e - A i
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Maximum HE Capacity, Modified Fuze Projectile
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Figure 6. Minimum Weight, MS05A3 Fuze Projectile
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Maximum HE Capacity, M505A3 Fuze Projectile

Figure 8.
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of fabrication is employed, the alternate design can be used. These
two designs corvespond to the A and A4 versltons of the M-56 pro-
Jectile. The disc used In the machined version is a safely provision.
Bar stock is subject to occasional scams in the material and if a part
is made from such matertal, a path is provided for the propellant gases
to reach the HE compartment and cause ignition while in the gun tube.
The use of a disc makes the probability of this happening almost
negligible. Parts made by the cupeand-draw method are not subject to
this problem.

In addition to these four basic projectile configurations, three
modified versions of the minimum weight, modified fuze configuration
were designed and tested. The purpose of these modifications was to
reduce dispersion by limiting balloting in the gun barrel during launch.
The length of the bourrelet surface is small in the modified fuze con-
figurations. This results in a short ¢ffective wheelbase that allows
the projectile to pitch off the centerline of the bore as it progresses
down the barrel. These perturbations can be reduced by increasing
the effective wheelbase and a corresponding reduction in the dispersion
of the projectile will be realized. The wheelbase of the minimum weight,
modified fuze design was increased in three different ways. One method
was to change the curved uvgive to a conical section, Another was to
create an aft support by increasing the diameter of the projectile at
the aft end over a short distance. Still a third design was to incorpor-
ate both of the above features. Details of these modified configura-
tions are ifllustrated in Figures 9, 10, 11, 12, 13, and 14.

A distribution of weight for the seven designs described above s
listed in Table 1.
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Figure 10. Minimum Weight, Modified Fuze,
Conical Section Configuration
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Aft Support Configuration
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Figure 14. Minimum Weight, Modified Fuze,
Aft Support/Conical Section Configuration
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2.  STRUCIURAL ANALYSIS

The four candidate 20nm thin-wall projectiles were analyzed using
a finite element technique. The concept of finite element theory
involves the dividing of a complex geometric structure fnto n finite
number of substructures, each of which can readily be defined by geometry,
material, and equilibrium equations. These substructures or elements
are connected to each other at points called nodes or grid points. The
collection of the equations of equilibrium for all the c¢lements are
golved simultancously to give grid point displacements. The displace-
ments are used to calculate element forces and stresses.

The finite element approach simplifies the mathemat ical definition
of a complex structure. Without such an approach the analyst is forced
to make many simplifying assumptions in order to make his particular
problem conform to classical deflection equations which are to be found
in structures textbooks. Many times such solutions are i{naccurate
because of the nature of the approximations and assumptions required in
order to obtain a solution with a reasonable amount of effort. The
finite element approach allows a complex structure to be divided into
simple elements such as bars, plates, and cubes which can readily be
defined mathematically. This provides a large number of simple equa-
tions which are solved simultaneously to obtain a distribution of stresses.
A computer is employed to obtain a solution to the equations.

In recent years a number of finite element structural analysis com-
puter programs have been developed. Of these, MASTRAN is probably the
best known and most widely used structural program. NASTRAN {s the

acronym for NASA §£yuctural égplysis and was developed by NASA as & general

purpose digital computer program for the analysis of complex structures.
The NASTRAN program is currently capable of handling the following: static
response to concentrated and distributed loads, thermal expansion, and
enforced deformation; dynamic response to transient loads, steady-state
sinusoidal loads, and random excitation; real and complex eigen values :
dynamic and elastic stability analyses: and heat transfer analyses.

The structural analvsis results discussed below were developed by the
use of NASTRAN,




. T

The fivst step in performing the NASTRAN analysis was to draw an
enlarged half longitudinal cross-section of each projectile, By model-
ing Lhe sector with single elements across the wall thickness, the
compiuter run time was minimized. This resulted in a solution which gave
the average stress across the thickness of the wall. It was theorized
that some local yielding could be allowed as long as this did not result
in yiclding across the entire wall in any element. The average stress
coild therefore be nused to design the projectile assuming the material
was ductile enough to prevent cracking at points of stress concentration.

Applied loads were based on a peak chamber pressure of 60,000 psi.
Three loads were considered as follows: a pressure load surrounding
the base of the projectile, a torque load at the rifling band, and
centrifugal loading due to projectile spin., The magnitude of each of
Lthese loads was determined from an interior ballistics analysis. The
inertia relief format of NASTRAN was used which gave a pseudo-dynamic
analysis by using dynamic loads to perform stepwise static analyses as
the projectile traversed the barrel. The results of such an analysis
very nearly approximate a dynamic analysis if the natural period is
short compared to the period of the applied force, or restated, the
stiffer the projectile, the better the approximation. A complete analysis
at a series of positions along the barrel was performed for one of the
projectiles. It was determined that peak stresses occur at peak pressure.
The tabulated stresses which follow are maximum stresses.

A sumary of the results for each configuration which was analyzed
is included in Figures 15 through 17 and Tables 2 through 4. The
tabulated stresses reference the element numbers on the drawing. The
design stress criteria chosen was the maximum shear theory of failure.
The stresses shown are octahedral shear stresses. The material tensile
yicld sirength is 155,000 psi which results in an allowable shear
strength of 89,400 psi. All dimensions used in the analysis represent
minimim wall thicknesses on the working drawings, the single exception
being Figure 15, which was an early computer run where the nominal crimp

groove dimension was used. The relatively high stress in element 20 of

23
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% TABLE 2. OCTAHEDRAL SHEAR STRESS RESULTS FOR MINIMIM WEIGHT CONFIGURATION
l E WITH A STANDARD M505A3 FUZE (FIGURE 15)

‘ S Shear Shear
| Element No. Stress (psi) Flement No. Stress (psi)
[ ! 1 53735 24 72318

E 2 52375 25 70496
: 3 68401 26 70033
L 1 4 30485 27 70179
: 3 5 25671 28 70585
E E 6 29402 29 71088
L 7 27272 30 71516
E 8 38000 31 71642
‘ 9 82982 32 65461
: , 10 85928 33 63236
i 11 84697 34 69566
! 12 74555 35 77840
: % 13 69391 36 83849
‘ | 14 68179 37 85664
! i 15 66803 38 86704
; 16 65719 39 87207
! 17 49517 40 87288
! 18 67391 41 85658
19 77898 42 85357
20 75153 43 85036
21 80687 44 84637
: 22 77614 45 84279
; 23 74722 46 82028

.
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TABLE 2 (CONCLUDED)

Shear Shear
Element No. stress (psi) Element No. Stress (psi)

47 81727 70 34542

48 81595 n 29118

49 81620 12 27090
81576 3 25587

51 79534 14 24369

52 79704 75 28965

33 80073

54 80554

55 81018

56 79108

57 79772

58 80669

59 81675

60 82683

61 8520

62 81201

63 80613

64 79869

65 78686

66 76586

67 69547

68 53946

69 41319




TABLE 3. OCTAHEDRAL SHEAR STRESS RESULTS FOR MAXIMWM H.E. CAPACITY
DESIGN WLTH STANDARD M505A3 FUZE (FIGURE 16)

Shear Shear
Element No. Stress (psi) _ llement No, Stress (psi)

1 57081 24 66485
2 49657 25 72691
3 68554 26 63629
4 26982 27 26956
5 20742 28 64538
6 31136 29 68742
7 47236 30 67742
8 48388 31 68772
9 57266 32 70388
10 64785 33 67741
11 71656 34 68414
12 82155 35 69276
13 89166 36 68984
14 88224 37 57815
15 19764 38 39506
16 66855 39 29420
17 58802 40 23620
18 76785 41 22483
19 63713 42 20882

65979 43 32386
21 62938 44 26231
22 60016 74 30272
23 60062 75 17256




TABLE 4. OCTAHEDRAL SHEAR STRESS RESULTS FOR THE MINIMUM WEIGHT
CONFIGURATION WITH A MODIFIED M505 FUZE (FIGURE 17)

Shear Shear
Element No. Stress (psi) Flement No. Stress (psi)

75440 21 64618
51770 22 56439
61580 23 72439
33370 24 81443
26802 25 85116
29955 26 84611
28222 27 85633
36932 28 86741
81640 29 85660
88282 30 87957
84699 31 86552
69480 32 74045
58368 i3 57868
59444 34 45860
43994 35 38520
59444 36 35082
69129 37 33647
90490 38 32094

65005 39 30339
60446 40 33934
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pigure 16 is a local stress concentration and as such was neglected
{n determining the minimum wall thickness.

The maximum UE capacity design using the modified M505 fuze
(Figure 3) wis not modeled for finite element analysis for it was found
that stability considerations were as important as stress requirements
{n determining wall thicknesses of these long projectiles and wall
thicknesses less than those used for the standard fuze design could not
be tolerated for stability reasons. Because of their similarity in the
cegion aft of the rotating band, it was reasoned that the analysis per-
formed for the standard fuze design (Figure 16) indicates acceptability
for this design also. In the region forward of the rotating band the
design is identical to the minimum weight design (Figure 17) and stresses
should be lower because of reduced accelerations so adequacy from a
stress standpoint is assured here too.

The finite element technique for determining structural properties

has given results that agree rather closely with results obtained by

conventional analytical methods. It provides an excellent record of
stress distributions which were valuable in resolving design and manu-
facturing problems. For example, it indicated that the material in the
region around the tab at the rear of the projectile could be anncaled

to permit upsetting to secure the closure disc.
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3. MATERIAL SELECTION AND HEAT TREAT

One of the principal considerations during the program was the
selection of the material for the projectile body and the development
of a satisfactory heat treat process. The requirements dictated that
the material have adequate mechanical properties, the best possible "B
fabrication properties, and low cost. The fabrication properties
ifnclude good heat treat characteristics' The material must have a
through hardening capability, low distortion, and good ductility in
the final drawn condition.

The walls of the projectile were proportioned by a finite element i
analytical technique. This technique utflizes the yield strength of

the material to develop the analysis and one of the tasks was to find

——————————

a suitable match of material properties with a design configuration
that achieved the desired weight goal and charge-to-metal ratio. After
a few trials ft was found that a satisfactory configuration could be
obtained with a material having a yield strength of 155,000 psi. The
ultimate tensil strength of this steel will be about 185,000 psi.

This corresponds to a hardness value on the Rockwell C scale in the

38 to 42 range. Steels in the low-to-medium carbon range can be heat
treated to this value without serious sacrifice of ductility and were
considered for the projectile body.

In determining the mechanical properties of the steel, the
hardenability, or depth of hardness is sn important factor. In general,
surface hardness attainable after quenching i{s largely a function of
the carbon content of the steel, while the depth to which the hardness
will penetrate depends, in addition to the carbon content, upon the
total content of the alloying elements and the grain size. Therefore, T
in low carbon steels, through hardness can only be achieved in thin .
cross sections, while high carbon and alloy steels can be through

hardened in cross sections up to several fnches in thickness. .
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Lf the cross section is thin enough,any steel that will surface
harden to RCAO would be suitable. The lowest carbon content steel
capable of attaining an as-quenced surface hardness of Rc40 is AISI 1020,

so any carbon steel with 0.20 percent carbon or more was a candidate.

Through hardness, ductility, and workability are also necessary
properties, The low carbon steels give better ductility and are more
workable while the higher carbon steels provide through hardness, so a
trade-off situation results. Carbon steels in the 0.15 to 0.40 percent
range, except for the free machining varicties, have the best machining
qualities. A steel with less than 0.15 percent carbon gives soft,
gummy chips that are likely to adhere to the cutting tool. The 0.40
percent carbon steel through hardens well, has suitable ductility,
and machines well, so a decision was reached to use AISI 1040 steel. This
proved to be a satisfactory choice for no problems traceable to the

material were encountered during the program.

Carbon steels can be made ecasier to machine by adding either 0.10
to 0.30 percent sulfur, 0.20 to 0.30 percent lead, or a combination of
both snlfur and lead. These steels cost about 10% more than the plain
carbon steels. A 1141 steel was given careful consideration for it
machines very well and has excellent hardening qualities. It was
rejected, however, when it was learned that it had been considered at
one time for M-56 production but abandoned when a failure rate of
approximately one in six thousand was encountered in projectiles made
of this steel. These additives tend to segregate in the steel, thereby
increasing the possibility of a structural failure which was the

probable cause of the failures.

Heat treatment of the 1040 steel was satisfactorily resolved by

some research and development effort with the heat treat process.

Excellent results were obtained by using a fast oil quench and support-
ing each projectile properly so it would be flooded with the quenching
fluid. The hardened material is brittle in the as-quenched condition
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and is drawn to the final hardness range. Several samples were
dimensionally checked before and after heat treatment for evidence of
distortion. Distortion of a minor nature was observed,but its extent
in no way threatened the dimensional or functional integrity of the
projectile. This was very important for it permits finishing the
projectile to final dimensions before heat treatment which is a major

consideration in limiting the fabrication cost.

The machined version of the projectile requires a safety disc at
the aft of the projectile which is sccured by upsetting a tab. This

tab requires annealing to avoid cracking when it is upset. This was

accomplished by locally drawing the tab to the RC 28 to 32 range. Induc-

tion annealing was used during this program,but other methods such as

{lame annealing could be employed.
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ROTATING BAND DEVELOPMENT

The development of a practical rotating band having minimum
intrusion into the wall of the projectile is vital to the thin-wall
projectile concept. Recognizing this, the Air Force sponsored an explor-
atory program for investigation of a plastic rotating band for 20mm
projectiles. This program produced a method of accomplishing a chemical
bond between the plastic and metal which makes it possible to apply the
band with very little intrusion into the projectile wall. The work on
this program continued the investigation of this process and expanded
expericnce and knowledge of the application technique to a stage that
indicates the p'astic rotating band is a practical concept for 20mm
thin-wall projectiles.

The configuration for the band shown in Figure 18 was established
early in the development program and was not changed during
the course of the investigations. The 0.300-inch extension forward of
the mouth of the cartridge case was determined by compatibility require-
ments with the M-61 gun systems. The 0.020-inch intrusion into the wall
was chosen when analysis indicated, due to the nearness of the crimp
groove, that this amount of intrusion would have very little effect on
the design of the wall. The 0.020-inch-wide shoulder at the base of
the band serves as a stop when installing the projectile in the cartridge
case.

Investigations during the program concentrated on the chofice of
materials and the application process. Most of the materials investi-
gated were various grades of types 11 and 12 unfilled nylons. The
scope of this materials study was far from exhaustive, but it failed to

show any significant difference between several of the grades. This

Bélng the case, a decision was made to use an 1801 grade, type 12 nylon

for most of the delivered items.
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Eight different types of materials were investiguted during the
program. They are summarized in the listings of Table 5. Of the eight
materials investigated, only the N1901 type 12 nylon and the glass-
filled G-12 material were completely unsatisfactory. Some success was
obtained with all the remaining materials. Personnel from HULS
recommend their grade L-2101F material for the rotating band, and it
was used on some of the early projectile deliveries. However, testing
was not extensive enough to discern any significant difference between
this grade and HULS L1901 and L1801 grades.

One series of tests was run at cold and elevated temperatures.
The band material was type 12, grade L2101F non-filled nylon furnished
by HULS. Five each of the minimum weight and maximum HE standard fuze
designs were tested at -65°F and +160°F. All rotating bands at the
-657F temperature functioned exceptionally well. At the +160°F temp-
erature two hands on the maximum HE design were partially lost.
Feathering of the bands at this elevated temperaturce was quite pro-

nouvnced.

Feathering of the rotating band both at the leading and trailing
edge is evident in nearly all tests. The effect this had on the
performance of the projectile is not known. It is likely, however,
that it has some negative effect on dispersion and time of flight and
future development effort should be devoted to its control. This
probably can be accomplished by a small configuration change and/or

use of an alternate or modified material.

All of the test experience indicated that the plastic rotating band
obturates very well and permits very little gas leakage. Also it
appears to be quite capable of transmitting spin-up torque to the pro-
jectile. No evidence of slippage was noted even in tests performed in
a constant twist barrel.

Achieving a satisfactory plastic-to-metal bond is critical to the
success of this thin-wall projectile concept and is the area where

considerable development effort was concentrated. Some mechanical aids




TABLE 5. SUMMARY OF ROTATING BAND MATERTALS

Type Grade Supplier Remarks

= Unfilled N1901 HuLs Flexible and diffi-
cult to mold.
Band unsatisfactory.

= Unfilled L1901 HuLS Bands satisfactory.

Unfilled L-2101F HULS High density material.
Bands 0.K.

Unfilled L-1801 HULS Bands satisfactory.
Unfilled -- Rilsan Bands 0.K.
Unfilled Rilgan Some bonding trouble.

Bands that stayed
on were satisfactory.

Type 11 - Unfilled BECV-Black-T Bands satisfactory,

CGl2 - 43% Glass Zytel 77G-43 Poor bond.
NC-10 Bands came off,




such as used in the Navy 20mm work and on GAU-8 ammunition were tried,

but duc to the shaltow intrusion into the wall they appeard to com-
3 tribute tittle or nothing to the solution and were abandoned., It is
necessary, therefore, to rely on a chemical bond to secure the band to

the projectile, and this is the area where the development effort was

concentrated.

The application process recommended by DeBell and Richardson was i
employed as the basic approach in the band application studies, It

consists of the following basic steps:

Step | - Clean the band application arca thoroughly. |

Step 2 - Apply a chemical primer to the band application ]
surface,

Step 3 - Injection mold the plastic rotating band in place i
on the projectile.

Step 4 - Induction heat the interface between the projectile j
and the band to improve the bond,
Molding was planned in the contractor process to avoid any secondary
operations so the steps listed above completed the process. The DeBell
and Richardson process required a secondary machining operation to remove

pgate material and chamfer the trailing edge of the band. The efforts to

develop a practical application process that would produce a reliable
band achieved a gradual improvement in quality and good success in the
latter part of the program, The bands applied to the final lot of
delivered projectiles exhibited excellent quality and performed with no

indication of bonding failure in tests of the 25 acceptance rounds,

Upon receipt and inspection of this final lot of projectiles by the
Afr Force at Eglin AFB, almost all of the projectiles had visible
corrosion under about 307% of the plastic rotating band area. As a result
of Air Force and contractor investigation of this problem, it is theorized
that the corrosion was accelerated by the zinc phosphate coating process
that was applied to the projectile surface for a paint base after the
; plastic rotating band had been molded in place. 1t was discovered at about

the same time on another Air Force program that a zinc phosphate coating
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on the entire projectile surface, including the band seat area, before

applying the plastic rotating band would prevent corrosion. Uncoated

projectiles were observed to corrode during temperature/humidity

cycling.

Details of the four-step basic application process outlined above as

implemented in the final stage of the program are the follmwing:

Step 1 = Cleaning

a, Bead blast band area.

b, Immerse in MEK and vibrate on an ultrasonic
cleaner for 10 to 15 minutes,

c, Air dry for 30 minutes.

Primer Application

a. Apply a thin coat of P=253 primer to the
band area.

b, Afr dry for 30 minutes.

c. Final dry at 450°F for 25 minutes.

Molding

a. Prcheat projectiles to 350°F before molding.
Limit preheat time to 15 minutes maximum.

b, Transfer projectiles to the molding machine and
mold band immediately. Mold temperature - 200°F,

Induction Heating
a. Induction heat for 10 seconds.
b, Water quench the projectile in water,
Some of the subleties of the process were: (1) the mold finish should
be ground and polished, (2) avoid overcure of the primer, and (3) select
current densities during induction heating that melts the plastic at the

interface surface after 8 to 9 seconds of exposure,

The process outlined above is the basic process developed by DeBell
and Richardson except for one feature: The recommendation of a mold
temperature of 280°F. They do not preheat the projectile except for the

temperature rise it experiences when it is inserted in the mold. This




temperature rise is rapid, and the projectile temperature approaches

that of the mold by the time the band material is injected. Trouble was
encountered in implementing this approach in the style mold that was
employed, The material requires a long freeze time at this mold temper-
ature for it is only a few degrees below the melt temperature of the
material (3150F). When the mold opened, the band material would not be
completely frozen and the band would be destroyed. This would not be

as prevalent a problem in the style mold employed by DeBell and Richardsonm.

It was learned, however, that the temperature of the projectile is

important in molding a quality band. This led to preheating the projectile
]

to 350°F before inserting it in the mold so that the process outlined
above becomes approximately equivalent to that of DeBell and Richardsom.
The practice of preheating the projectile reduces the molding cycle time.
A cycle time of 45 seconds produces good parts by this process compared
to 2 minutes in the DeBell and Richardson method., This could become an

important consideration in future production planning.

The molding process that finally evolved from experiments and was
used to apply the bands in the latter part of the program is the follow-
ing: The material was Type 12 nylon, grade L1801 supplied by HULS of
Germany. The material was dried for 4 hours at 180°F before molding.
Molding was performed on a 1,0-ounce, 20-ton Arburg screw injection
machine, The projectiles were warmed to 350°F and held at this temp-
erature for a period not greater than 15 minutes prior to insertiomn in

the mold., Operating conditions were as follows:

Screw Temperatures

Throat - wam
Rear - 460°F
Front = 490°F
Nozzle heater set at full voltage

Mold Temperature - 210°F
Mold Pressures:

Injection = 20,000 psi/PAD
Hold = 20,000 psi

Timers:

Injection - 15 seconds
Hold = 30 scconds




5.  INCENDIARY PROVISTONS

The lethality of the projectile will be improved significantly
if ic is capable of ignittng fuel and ofl fires. To enhance this
capability a decision was made to use a lake City explosive developed
for use in the current M-56 projectile. This explosive contains

aluminum powder, 35 percent by weight, to Improve its Incendiary
properties,

To further improve the incendiary properties of the projectile,
zirconium metal was added in the form of a thin tube that was pressed
against the wall of the projectile as shown in Figures 1, 3, 5 and 7.
The density of the zirconfum {s about 3.5 times that of the explosive
it displaces (,237/.067) so the net effect is to increase the weight of
the projectile. The effect on the weights of the various projectiles

of adding a zirconium sleeve is summarized in Table 6.

Installation of the zirconium sleeve created a troublesome
fabrication problem that required some development effort to resolve.

The sleeve must be inserted through the mouth of the projectile and

expanded after it is in place. 1In the early rounds this expansion was

accomplished when the HE was compacted, but this proved to be
unreliable. Some of the sleeves would expand properly but others .
expand unevenly, causing voids along the side of the projectile. Install-
ation was finally resolved by fully expanding the sleeve by the use of

a serices of rubber dies. This required an appreciable development
effort to achieve the proper combination of die design and material.

The rubber finally employed was a synthetic made of polyurethane,
Murometer 90A. Expansion was further assured by compacting the first

Increment of HE material at 30,000 to 35,000 psi.

Incendiary performance was not evaluated by the contractor. The
Afr Force designed and conducted a series of experiments to evaluate

this terminal effect., The results will be separately reported.
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6.  MANUFACTURING TECHNIQUES

The fabrication of the projectile body involved no unusual manu-
facturing processes. The body was machined from bar stock by a series

of turning operations, The body was machined to its finished dimensions
before heat treatment,

Heat treating has already been discussed. The projectiles are
placed in a rack that holds them in a suitable attitude for quenching,
A fast oil quench is employed. The material is drawn to the proper hard-

ness, and the tab at the aft of the projectile is then induction annealed,

The closure disc is then added, and the zirconium slecve is installed
and the rotating band is added by the processes previously discussed,
After finishing and painting, the pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>